The purpose of the present study was to determine whether kindergarten children with specific language impairment (SLI) could develop phonological awareness skills through computer intervention and whether speech manipulation (i.e., slowing speech rate and enhancing transitions) in instruction produced additional learning. Method: The effects of a computer-supported phonological awareness program on a variety of items, including word analysis, syllable analysis, rhyme, phoneme analysis, syllable synthesis, and phoneme synthesis, were tested following a pretest-posttest 1-posttest 2 design. Twenty-four kindergarten children with SLI in the Netherlands received 3.5 hr of phonological awareness intervention via a computer program LSHSS L using either normal speech (12 children) or manipulated speech (12 children). A control group of 12 kindergarten children with SLI played computer vocabulary games. Results: The results showed positive effects of the intervention for the normal speech group. Eighteen weeks later, the effect size was still substantial; however, no additional effects of speech manipulation were found. Clinical Implications: The results suggest that kindergarten children with SLI benefit from computer intervention for phonological awareness skills.
group did not have access to any computer program. The results indicated that the experimental group outperformed the control group on tests of phonological awareness after the training period in both studies. Other studies also have demonstrated positive effects of computer intervention on the development of phonological awareness skills in typically developing children and children who are at risk for reading problems (Barker & Torgesen, 1995; Mioduser, Tur-Kaspa, & Leitner, 2000; Reitsma & Wesseling, 1998) .
PHONOLOGICAL AWARENESS INTERVENTION FOR CHILDREN WITH SPECIFIC LANGUAGE IMPAIRMENT
Children with specific language impairment (SLI) frequently demonstrate difficulties with phonological awareness that place them at risk for the development of reading problems (Bird, Bishop, & Freeman, 1995; Bishop & Adams, 1990; Snowling, 2000; Stackhouse, 2000) . SLI is defined as a "delay in normal language development that cannot be explained in terms of mental or physical handicap, hearing loss, emotional disorder or environmental deprivation" (Bishop, 1992, p. 3) . The risk of later reading problems for children with SLI can be attributed to their severe language problems, which negatively influence the acquisition of reading skills.
Phonological awareness intervention for young children with SLI is often recommended, although not much has been published regarding the efficacy of such intervention. Van Kleeck, Gillam, and McFadden (1998) showed that phonological awareness can indeed be trained with children with speech and/or language problems. Sixteen preschool children made significant improvements in rhyming and phoneme awareness skills after two semesters of phonological awareness intervention twice a week for 15 min in small groups. Comparison to a no treatment control group of older children with speech and/or language disorders indicated that the noted improvement could be ascribed to the intervention and not only to maturation. In another study, Gillon (2000) showed positive intervention effects for children with spoken language impairment. The children in the intervention group followed an integrated phonological awareness program of 20 hr of intervention by a specialist focusing on the sound structure of spoken language and the link between phonological awareness and letter-sound knowledge. These children showed significantly more gains in their phonological awareness and reading development than the children in the control groups with either a more traditional speech-language intervention program that focused on improving articulation and language skills or a minimal intervention control program.
EFFECTS OF SPEECH MANIPULATION
In one of the few studies on the effects of computer intervention on the phonological awareness skills of children with SLI, Tallal et al. (1996) examined the effects of manipulated speech as an additional feature of the program. The use of manipulated speech was based on several years of research showing that children with SLI have difficulty processing brief, rapidly sequenced acoustic cues in verbal stimuli (Leonard, McGregor, & Allen, 1992; Reed, 1989; Tallal & Piercy, 1974; Tallal & Stark, 1981; Tallal, Stark, Kallman, & Mellits, 1980b) . This difficulty can be overcome by lengthening the fast formant transitions in the speech signal (Alexander & Frost, 1982; Frumkin & Rapin, 1980; Stark & Heinz, 1996; Tallal & Piercy, 1975; Tallal, Stark, Kallman, & Mellits, 1980a) . Tallal et al. (1996) designed Fast ForWord (FFW), a computer program that makes use of manipulated speech for the treatment of children with SLI. The FFW program consists of computer games that focus on (a) processing and temporal sequencing skills, (b) phonemic sound change discrimination, (c) phoneme identification, (d) matching nonsense syllables that differ by a single phoneme, (e) recognizing words differing by a single phoneme, (f) syntax and listening comprehension, and (g) higher level language skills. Eleven children with SLI, with a mean age of 7;4 (years;months), received intervention with modified speech (experimental group); 11 children with SLI received the same intervention without modified speech (control group). The intervention was extensive, consisting of 100 hr across a 4-week period. After intervention, both groups showed significant learning gains; however, the children in the experimental group had higher learning gains than the children in the control group on such tasks as following auditory commands, speech-sound discrimination, morphology and syntax, and speech articulation.
A crucial question is whether the learning gains can be completely ascribed to the computer program and the use of manipulated speech. Bishop (1997) and Rice (1997) suggested that other aspects of the games, such as direct clinician-to-client interaction or additional listening homework, may explain the observed gains. However, such aspects still do not explain the difference between the control and experimental groups. As Tallal, Miller, Jenkins, and Merzenich (1997) explained, "the modified speech group played temporally adaptive computer games presented auditorially, whereas the normal speech group worked for the same period of time on memory and attention games presented visually" (p. 61). Thus, the experimental and control groups not only differed with regard to speech manipulation, but also on the kind of games to which they were exposed. Hence, the authors seem to contradict their earlier statement that both groups received the same intervention with or without manipulated speech.
In this light, a study by Gillam, Crofford, Gale, and Hoffman (2001) is especially interesting because they compared the effects of standard FFW intervention with that of an equally intensive treatment using a bundle of intervention programs published by Laureate Learning Systems (LLS). Both interventions focused on vocabulary, memory, syntax, and morphology; but, in FFW, modified speech was used. There were 2 children in each condition. Gillam et al. found significant learning gains for the children in both conditions in several domains of language. The FFW intervention, with the manipulated speech, did not cause higher learning gains than the LLS intervention. The findings of Gillam et al. thus support the view that training with FFW can be effective (Gillam, Frome Loeb, & Friel-Patti, 2001) , but leaves open to question whether speech manipulation per se adds to the effects of the intervention. To answer this question, an intervention with speech manipulation should be compared to a similar intervention without speech manipulation. Habib et al. (1999) conducted such an experiment. They examined the effects of speech manipulation in computer programs in an intervention study with 12 French-speaking children with phonological dyslexia. Six children were trained with acoustically modified speech and 6 were trained without modified speech. At posttest, the modified speech group outperformed the normal speech group on phonological awareness tests similar to the ones used during the intervention. The findings appear to demonstrate the additional effects of speech manipulation; however, the participants involved were children with dyslexia and not children with SLI. Moreover, the speech manipulation was different from the speech manipulation used by Tallal and colleagues in that Habib et al. amplified unstable portions (particularly the consonant-vowel transitions) and then slowed the speech signal by a constant factor (up to 2). Tallal and colleagues, in contrast, first slowed the speech signal and then enhanced the fast formant transitions (Nagarajan et al., 1998) .
THE PRESENT STUDY
Thus far, the exclusive contribution of speech manipulation to phonological awareness treatment for children with SLI using the computer has not been experimentally studied, because in the Tallal et al. (1996) study, the groups differed on more than just modified speech. In the present study, the added value of speech manipulation as used in the FFW program was therefore investigated in a pretest-posttest 1-posttest 2 design. The extent to which kindergarten children attending a school for children with severe language delay developed specific phonological abilities by working with a computer program was also explored. Three groups of children received computer treatment: two experimental groups were given rhyming and phoneme synthesis intervention either with or without manipulated speech, and a control group was given vocabulary intervention.
In the Netherlands, there are special schools for children with language and speech problems. Children who enter these schools are clinically diagnosed as having severe SLI. In kindergarten, they are at least 1 year behind in their language development as compared to age-matched peers. Children with hearing impairments may also attend these schools, but were excluded from the present study. Only 0.6% of Dutch children attend such schools. The situation in The Netherlands is comparable to that in the United Kingdom, where less than 1% of the children are diagnosed with SLI (Conti-Ramsden & Botting, 2000) , whereas the estimated prevalence of SLI in children is 5% (Law, Boyle, Harris, Harkness, & Nye, 1998) .
The specific research questions were as follows:
• To what extent do Dutch kindergarten children with SLI develop their phonological awareness skills by using an adaptive computer program?
• Does speech manipulation as part of the instruction of phonological awareness using an adaptive computer program produce additional learning?
METHOD

Participants
All participants were enrolled in a kindergarten program in special schools for children with SLI. SLI was diagnosed by an interdisciplinary team consisting of clinical linguists and school psychologists for children exhibiting a significant deficit in the production and/or comprehension of language that cannot be explained by general cognitive impairments, sensorimotor deficits, neurological disorders, psychiatric diagnosis, or a general lack of exposure to language (Leonard, 1998) . All kindergarten children who were to go to first grade in the next school year were selected. Literacy instruction was not part of the kindergarten curriculum, and teachers' observations revealed no letter knowledge on the part of the children.
The participating children included 31 males and 5 females from a total of five different classrooms in two special schools. It is common to have substantially more males than females in an SLI population (Leonard, 1998) . The average age at the initiation of the study was 5;9 (range = 4;10-6;11). When the children entered the special school, they were tested for hearing and intelligence. Audiological assessment (i.e., air conduction audiometry) revealed no significant hearing loss; children responded to less than 30 dB for all frequencies tested. Standardized intelligence testing indicated a level of normal intelligence (standard score was >85). Although the intelligence of the children was tested before they entered the special school, the Coloured Progressive Matrices (Raven, 1965) were nevertheless administered as a control measure. The average standard score for the participants was found to be 4.64. The score did not correlate significantly with scores of the children on the different phonological awareness pretests (Pearson r < .31 in all cases).
Pretest, Posttest 1, and Posttest 2
The pretest and posttests, consisting of five phonological awareness tests and the Coloured Progressive Matrices at pretest, were administered by the first author, who as a school psychologist is qualified and experienced in testing young children with SLI. The tests were administered in one session per child, always in the same order. The easier tasks (rhyme and word awareness) were administered in the beginning of each session to ensure that the children would not lose their motivation or confidence at the beginning of the session. The items measured in the tests were not explicitly trained in the intervention. Separate tasks were administered measuring different aspects of phonological awareness: word awareness, syllabic awareness, rhyme awareness, and phonemic awareness (cf. Goswami, 2000) . The tasks that were used for the various aspects of phonological awareness are described below:
• For word awareness, a task was administered in which a series of sentences had to be analyzed into separate words (Verhoeven & Van Kuyk, 1991) . The task consisted of four training sentences for which the child received feedback and 10 test sentences. The child was to repeat a sentence that was read by the experimenter and then tap on the table with a pencil once for every word. Sentences included multisyllabic words.
• For syllabic awareness, a task was administered in which the child was to synthesize words by combining separate syllables (Verhoeven, 1987 ). The syllable synthesis task consisted of 20 words of increasing difficulty (from two-to five-syllable words). Children had to synthesize the words presented by the experimenter in syllables into complete words. Test administration ended when a child could not synthesize five words in succession.
• For rhyme awareness, a task was used that consisted of two training and 10 test items (Verhoeven & Van Kuyk, 1991) . The child was to name four pictures and was assisted by the experimenter if he or she could not label a picture or did not know the correct answer. Then, the experimenter presented a new picture and said, "This is a …. Which of the four pictures rhymes with …?" The child was to select the rhyming picture from the four options. Distracters included semantically related pictures.
• For phonemic awareness, separate tasks were used for phoneme analysis and phoneme synthesis (Verhoeven, 1987) . In the phoneme analysis task, words had to be analyzed into separate phonemes. The task consisted of 4 training words and 20 test words of increasing difficulty (starting with consonant-vowel words). Children had to analyze the words presented by the experimenter into separate phonemes. In order to keep the child motivated, test administration ended when a child could not analyze five words in succession. The phoneme synthesis task required children to synthesize words by combining separate phonemes. The task consisted of 20 words of increasing difficulty (from two to six phonemes). Children had to synthesize the words presented by the experimenter in phonemes into complete words. Test administration ended when a child could not synthesize five words in succession.
All tests yielded Cronbach's alpha values greater than .83, indicating a high degree of internal consistency.
Experimental and Control Groups
A group of children with SLI can form a very heterogeneous population. To ensure that the groups were as homogeneous as possible, the children were assigned to three groups (12 children per group) and were matched between groups on the basis of chronological age, score on the Coloured Progressive Matrices (Raven, 1965) , and scores on each of the five phonological awareness tasks (see Table 1 ). Experimental Group 1 consisted of 2 females and 10 males (mean age = 5;9, mean Raven score = 4.73). Experimental Group 2 also consisted of 2 females and 10 males (mean age = 5;10, mean Raven score = 4.68). The control group consisted of 1 female and 11 males (mean age = 5;8, mean Raven score = 4.53). Univariate analysis of variance (ANOVA) with group as the between-subjects factor showed no significant pretest differences between the groups with respect to age, F(2, 33) = .69, p = .51, η 2 = .04; Raven score, F(2, 33) = .02, p = .98, η 2 = .02; word awareness, F(2, 33) = .10, p = .90, η 2 = .01; syllabic awareness, F(2, 33) = .96, p = .39, η 2 = .06; rhyme awareness, F(2, 33) = .02, p = .99, η 2 < .01; phoneme analysis, F(2, 33) = .79, p = .46, η 2 = .05; or phoneme synthesis, F(2, 33) = 1.05, p = .36, η 2 = .06. Group differences also were examined using a combined score on the five phonological awareness tasks because a combined variable has been shown to be a more reliable measure of phonological awareness (Bishop, 1994) . For this purpose, the combined z scores for these tests were computed. Z scores were used because the tests had different numbers of items. There was no significant difference between the three groups with respect to the combined variable, F(2, 33) = .32, p = .73, η 2 = .02.
Computer Program Used for the Intervention
The computer program used in the experiment was an educational software program that the authors developed with support of the Dutch Ministry of Education (Verhoeven, Mommers, & Segers, 1999 ) that focused on the emergent and beginning literacy skills of kindergarten children. At the time of the present study, it was one of the few educational software packages available in the Netherlands focusing on phonological awareness that (a) included speech that could be manipulated by the researchers, (b) did not include distracting entertainment elements, and (c) provided enough training material for 3.5 hr. The two experimental groups worked with the rhyming and synthesis part of the program; the control group worked with the vocabulary acquisition part of the program.
Experimental intervention. The intervention consisted of the "Rhyming and Synthesis game" from the computer program, which consists of 10 different games. This module of the software is adaptive in the sense that the child only receives a more difficult game when an error percentage less than 20% is achieved on the previous game. The intervention alternates between rhyming and synthesis games. The adaptivity for these two types of games is separate in that a child can be performing at the most difficult level for rhyming while still at the first level for synthesis. Table 2 provides an overview of the different kinds of games. The Appendix contains screen examples and further explanation of the games. Each game has three sets of five exercises, increasing in difficulty. When a child has problems with more than one of the exercises from a set, this set is presented again when the child returns to this game. If criterion is met with a certain set, a more difficult set is presented the next time. Once all of the sets are completed, the program begins to repeat earlier sets so the child can rehearse the newly learned skills. Only 1 child completed all of the sets and games within the 14 intervention sessions.
The computer program also provides feedback on each action performed by the child. Help is offered when the child provides an incorrect answer for the second time. The correct answer is highlighted by large green arrows pointing to it. When the child still does not choose the correct answer, the computer program takes over mouse control and provides the right answer. In this way, the child never gets "stuck" in the program. The child can also ask for help by clicking on a figure at the bottom of the screen.
Speech manipulation. The children in Experimental Group 1 received the described computer phonological awareness intervention; for Experimental Group 2, the speech in the computer program was manipulated in the same way as in the FFW program. Initially, the speech was slowed down by 150% by means of a pitch-synchronous overlap-and-add (PSOLA) algorithm. The fast transitional elements in the speech then were enhanced up to 20 dB using an algorithm in the Praat program (Boersma & Weenink, 1998 ) similar to the one described by Nagarajan et al. (1998) . The equality of the two algorithms was established by Nagarajan and Boersma (personal communication, February 14th, 1999) .
As in FFW, the amount of speech manipulation decreased as the intervention proceeded. The children in Experimental Group 2 had four sessions with maximum speech manipulation followed by four sessions in which the speech was not delayed but enhancement was up to 20 dB, three sessions with enhancement up to 10 dB, and finally, three sessions with normal speech. This way, all children in Note. Rhyme = rhyme awareness task, Word aw = word awareness task, Phon an = phoneme analysis task, Syll aw = syllabic awareness task, Phon syn = phoneme synthesis task, M = male, F = female.
Experimental Group 2 received the same amount of intervention with manipulated speech. Control group intervention. Each child in the control group listened to a story on the computer and answered questions by pointing to pictures of objects on the screen. After listening to the story, the child chose one of four different story settings to play vocabulary games. Each story setting contained 10 sets of five questions each (e.g., "Can you point at the table in the kitchen?"). The program provided both audio ("Well done." "Try again.") and visual (lollipops) feedback after each answer. Five lollipops at the top of the screen turn into a different color depending on the number of times it took to answer each question correctly: green if the correct answer was given directly, yellow after one wrong attempt, and red after two attempts.
Procedure
The pretests were administered directly after the fall break and lasted for approximately 2 weeks. At this time, the children had been in school for approximately 10 weeks after the summer holidays. Administration of the pretests took approximately 2 weeks.
Once the pretesting was completed, the children were seen in groups of three for two to three 15-min computer phonological awareness intervention sessions per week for 5 weeks. Three children were randomly taken out of the classroom for a computer session each time (1 child from Experimental Group 1, 1 child from Experimental Group 2, and 1 child from the control group). They were seated in a separate room with three laptop computers that were placed in such a way that each child could only see the computer that he or she was using.
The experimenter ensured that the children attended to the computer program. When a child was distracted, the experimenter told the child to keep on working with the software. During the sessions, the experimenter also watched what the children were doing on the computer and gave motivational signs (thumbs up) when they were actively involved in working with the program. The computer program was designed in such a way that instruction before training was not necessary. Occasionally, a child did not understand the purpose of a particular exercise and did not understand what he or she was expected to do. The experimenter then clarified the instructions of the exercise and guided the child through a few questions by providing instructions on how to move the mouse. No instruction on phonological awareness was provided. After each session, the children were rewarded with a sticker to place on their own "computer card." After the 14 sessions, the computer card was full and could be taken home. During the intervention, all children showed positive feelings about the program.
Posttest 1 was administered in the weeks directly following the intervention, just before the Christmas holidays, and included the same five phonological awareness tasks that were administered as pretests. Eighteen weeks after the intervention, the phonological awareness tasks were re-administered to investigate possible long-term intervention effects (posttest 2).
RESULTS
A multivariate repeated measures ANOVA using Time (pretest, posttest 1, posttest 2) and Test (five phonological awareness tasks) as the within-subjects factors and Group (two experimental groups and control group) as the between-subjects factor was first undertaken (see Table 3 for mean raw scores). The scores for the rhyme and word awareness task were multiplied by two to have the same range as the other phonological awareness tasks, so the different tasks could be compared. Results revealed significant main effects for Time, F(2, 32) = 46.79, p < .01, partial η 2 = .75, and Test, F(4, 30) = 223.34, p < .01, partial η 2 = .97, and a significant interaction between Time and Test, F(8, 26) = 4.55, p < .01, partial η 2 = .58. However, no significant interactions between Test and Group, F(8, 62) = .90, p = .52, partial η 2 = .10, and between Time and Group, F(4, 66) = .82, p = .52, partial η 2 = .05, were found, suggesting that differences in group performance were not dependent on a particular test or time of testing. There was also no significant difference between the groups on the different phonological awareness tasks during the course of the intervention, F(2, 33) = .38, p = .69, partial η 2 = .02. The three-way interaction between Time, Group, and Test was not significant, F(16, 54) = 1.00, p = .47, partial η 2 = .23. Table 2 . "Rhyming and synthesis" games used in the experimental intervention program.
Rhyming Synthesis
1. Rhyming, with picture support. 7. Synthesis of onset and rhyme, with picture support. 2. Rhyming, without picture support.
8. Synthesis of onset and rhyme, without picture support. 3. Rhyme within a sentence, with picture support. 9. Synthesis of three separate phonemes, with picture support. 4. Rhyme within a sentence, without picture support.
10. Synthesis of three separate phonemes, without picture support. 5. First phoneme matching, with picture support. 6. First phoneme matching, without picture support.
Further analyses by means of paired samples t tests, with Bonferroni correction, of the interaction between Time and Test showed that, in general, significant progress was made between pretest and posttest 1, and posttest 1 and posttest 2 on the syllabic awareness task, rhyme awareness task, phoneme analysis task, and phoneme synthesis task (p < .01 in all cases). For the word awareness task, there was only a marginal difference between pretest and posttest 2 (p = .04). Because there was no interaction between Time and Group, or between Time, Group, and Test, this type of analysis does not show any effects of the intervention by group membership. Bishop (1994) , however, suggested combining scores of phonological awareness tests to gain a more reliable measure of phonological awareness, and Tallal et al. (1996) performed analyses using difference z scores. The analysis following these suggestions is a univariate ANOVA with Group as the between-subjects factor on the difference z scores (z scores posttest 1 minus pretest) for the combined test results. This time, a significant main effect of Group was found directly after intervention, F(2, 33) = 3.33, p = .05, partial η 2 = .17. Post-hoc analysis for Group with Bonferroni correction showed that the difference could be attributed to a difference between Experimental Group 1 and the control group (p = .05). Experimental Group 1 made more progress than the control group. Experimental Group 2 did not differ significantly from Experimental Group 1 (p = .40) or the control group (p = .94) (see Figure 1 ). However, note that the effect size would suggest that this finding only accounted for 17% of the variance. Eighteen weeks after the intervention (i.e., posttest 2), the phonological awareness tasks were administered again, and again the difference z scores were computed (posttest 2 minus pretest). This time, there was no significant effect of Group, F(2, 33) = 1.56, p = .23, partial η 2 = .09. The effect size of the intervention for Experimental Group 1 versus the control group was, however, average (p = .28, f = .29), indicating that the progress of Experimental Group 1 exceeded the progress of the control group. Hence, because the results were not significant, the effect sizes should be considered with caution. Figure 1 displays the difference z scores for posttest 1 and posttest 2 for the experimental groups and the control group.
DISCUSSION
In general, the findings of the present study show that kindergarten children with SLI benefited from a short, intensive computer phonological awareness intervention. Three groups of 12 children worked with a computer program for fourteen 15-min sessions across 5 weeks. Experimental Group 1 received phonological awareness intervention while listening to normal speech. Experimental Group 2 listened to manipulated speech, in which the speech was delayed and fast formant transitions were enhanced. The speech became less manipulated during the course of the intervention. The control group also used the computer, but worked with vocabulary exercises rather than phonological awareness exercises.
No significant effects of the intervention were found when the data were analyzed for the individual phonological awareness tasks. An explanation for this effect is the low power of the analysis when the phonological awareness tasks are taken individually. On the other hand, positive treatment results were found for Experimental Group 1 when the phonological awareness task results were combined into difference z scores. The positive results were no longer significant 18 weeks after completion of the intervention, but the effect size of treatment for Experimental Group 1 compared to the control group (f = 0.29) continued to be average (Cohen, 1988) and was comparable to results from other studies (Ehri et al., 2001) . In a metaanalysis of the effects of phonological awareness interventions, Ehri et al. found an average effect size of d = 0.61 (which is comparable to an f of .29) for phonological awareness intervention when the length of instruction was similar to that in the present study. For computer treatment of phonological awareness, Ehri et al. reported an average effect size of 0.66. Tallal et al. (1996) reported significant long-term effects of the intervention when the children were retested 6 weeks after completion of the intervention. In the present study, however, there was a period of 18 weeks between the intervention and posttest 2.
Speech manipulation did not produce an additional effect on the intervention, as the children in Experimental Group 2 did not differ significantly from the children in Experimental Group 1 or the control group. These results could be explained by several factors.
First, the intervention time with manipulated speech in the present study was far less than the one provided by Tallal et al. (1996) : 3.5 hr versus 100 hr in a 5-versus 4-week period. That is, the effects of speech manipulation may only become visible after many hours of intensive treatment because new neural pathways must be formed or existing pathways have to be strengthened (cf. Verhoeven & Segers, 2004) .
Furthermore, age differences might also be responsible for differential effects of speech manipulation. The children in the present study were all kindergarten children, with a mean age of 5;9, whereas children in the study by had a mean age of 7;4.
Another explanation is based on what was already mentioned in the introduction of this article. In the study by Tallal et al. (1996) , the experimental groups differed on more than just speech manipulation, indicating that speech manipulation may not have been the deciding factor for the successful treatment of phonological awareness. Other factors such as direct clinician-to-client interaction, additional listening homework, or a difference in intervention games between the experimental and control group may have been responsible for the reported learning gains. The experimental groups in the study by Habib et al. (1999) only differed in speech manipulation; thus, only speech manipulation seems to have been responsible for the additional learning gains. However, the participants were children with dyslexia rather than children with SLI.
The third explanation for not finding additional effects of speech manipulation is the fact that only natural speech was used in the intervention. In FFW, part of the intervention is based on synthetic speech and acoustic games (Merzenich et al., 1996) and (a larger) part on natural speech . Children are adaptively guided through the FFW program and work with the synthetic speech and acoustic part until they have reached a certain level. When that level is reached, several games using natural manipulated speech can be played. The positive effects of FFW that were reported by Merzenich et al. are solely based on the synthetic speech part. The positive results by Tallal et al. are based on a combination of the synthetic speech part and the natural speech part. Segers and Verhoeven (2002) found no effects of speech manipulation when using natural speech in a discrimination task, and speech manipulation seemed to undo the positive effects of the intervention in the present study. One could hypothesize that the manipulation of the speech signal may only yield additional results for children with SLI when used in a synthetic speech and acoustic sounds environment. The consequence would be that only the first part of the FFW program is responsible for the additional learning effects due to speech manipulation. More research is needed in this area, also to determine why in the study by Habib et al. (1999) positive effects were found in a natural speech environment for older children with dyslexia.
Contrary to the children in Experimental Group 1, the children in Experimental Group 2 did not seem to benefit from the intervention. After intervention, children in Experimental Group 2 did not differ significantly from the children in the control group. One could speculate that the children in Experimental Group 2 were distracted from the phonological awareness tasks because of the manipulated speech. The possibility that the manipulated speech was also less intelligible should be examined in a future experiment.
The present study can only be seen as a first step in uncovering the role of intervention in processes of phonological awareness development in children with SLI. The present study was limited to a predefined set of phonological variables considered important for the explanation of intervention effects in the domain of phonological awareness. Moreover, the intervention was restricted to one type of phonological training only. Well-controlled studies combining a multitrait with a multimethod design can be effective in validating new methodologies for the remediation of developmental language problems. Future studies could also be extended, with a deeper focus on classroom activities during the time of the intervention. Possible interactions between intervention and classroom activities could then be documented.
With respect to the clinical practice, the present study can be seen as promising. The study is the first to show that a group of kindergarten children attending a special school for children with speech and language problems can develop phonological awareness by working with a computer program without additional intervention from speech therapists or other specialists. Because of the small size of the experimental groups, one should, however, be cautious to generalize the results to the population at large. In order to further demonstrate the effectiveness of computer phonological awareness intervention, more follow-up studies with larger groups of participants are needed focusing on (a) the effects of more intensive intervention over an extended period of time with manipulated speech, (b) the long-term effects of computer intervention with and without manipulated speech, and (c) the difference between interventions using synthetic versus natural speech. In future studies, the impact of individual differences in intervention effects should also be recognized. Given the substantial standard deviations found in the present study, it seems essential to uncover the complex interaction between child characteristics and intervention alternatives. As such, the heterogeneity of children with learning problems, such as SLI, can be seen as a challenge to search for multifaceted and multicomponent interventions using information and communication technologies.
